Background: Food hypersensitivity is a frequent complaint by both pediatric and adult subjects. However, notwithstanding patient' belief about`allergies' related to food stuffs, only a minority of them have actually such a diagnosis substantiated. Moreover, the diagnostic approach to these problems is cumbersome and unsatisfactory, and the objectivation of a food hypersensitivity is often dif®cult. Patients and methods: For these reasons we studied by means of small bowel manometry a small group of patients with food hypersensitivity, and showed abnormal fasting and postprandial ®ndings in those with the gut as a target organ on clinical grounds. Results: Manometric abnormalities were somewhat similar to those previously described in celiac disease, a well recognized food allergy disease. The possible usefulness of this technique in the investigative approach of food hypersensitivity is discussed.
Introduction
Food hypersensitivity is a frequent complaint, since many people believe in food`allergy' (Eigenmann & Sampson, 1994) . Although the self-reported frequency of adverse food reactions is 10±20% in surveys of random populations, objective testing substantiates that diagnosis in less than 2% of people who complain of such disturbances (Niestijl Jansen et al, 1994; Sloan & Powers, 1986) . Similarly prospective studies in children with complaint of`food problems' disclosed rates of 2.2±8% true allergies (Schrander et al, 1993) . Moreover, the dif®culty of de®ning the prevalence of food allergy is increased by the variations in patient ages, diagnostic criteria, recruitment bias and cultural differences in eating patterns (Eigenmann & Sampson, 1994) . Studies from different countries report different relative prevalence of foods believed to provoke hypersensitivity (Bock, 1982; Eriksson, 1978; Kivity et al, 1994; Mu Èhlemann & Wu Ètrich, 1991) .
Pathophysiology
Gastrointestinal manifestations, common in food hypersensitivity (Eigenmann & Sampson, 1994; Goldman et al, 1987) , are mainly diarrhea and vomiting (Eigenmann & Sampson, 1994; Host & Halken, 1990) . These manifestations may be basically ascribed to two mechanisms; type I, mediated by IgE (rapid onset) and type II, non-IgE mediated (slow onset) (Ford et al, 1983) . IgE-mediated symptoms result following release of histamine, prostaglandins, leukotrienes, and cytokines by activated mast cells of basophils (Sampson, 1988a) . Although several mechanisms have been documented during chronic (Curtis et al, 1990) and intermittent (Turner et al, 1990) antigen exposure in previously sensitized laboratory animals, reports of IgE-mediated damage on mucosal structure have been variable (Strobel, 1995) . Differently than in other IgE-mediated allergic conditions, namely bronchial asthma (Spinozzi et al, 1997) , intestinal symptoms in IgEmediated disease are not directly correlated with abnormal mucosal morphology Spinozzi et al, 1997) . However, some functional mucosal abnormalities seem correlated to blind challenge studies with offending foods (Bengtsson et al, 1996) .
Non-IgE mediated reactions are mainly considered the result of cell-mediated, type IV reactions (Eigenmann & Sampson, 1994) . The most common manifestations of nonIgE-mediated reactions consist of food-induced colitis or entercolitis, at least in children. The symptoms can occur within minutes or sometimes be delayed up to several hours after the offending food had been ingested (Isolauri et al, 1992) . It is worth noting that most studies on food hypersensitivity have been conducted in children (Eigenmann & Sampson, 1994) , whereas investigations in adults are less frequent (Atkins et al, 1985a, b; Parker et al, 1990; Selbekk, 1985) .
Diagnostic approach
Although numerous tests have been offered for diagnostic investigation of food hypersensitivity, meaningful information comes from only a few ones. A very careful history is mandatory, considering the relationship between ingestion of a speci®c food and onset of symptoms, the time interval after the ingestion and the ®rst symptoms, the amount of food ingested, whether the symptoms appeared only once or repeatedly after ingestion of the same food, etc. A dietary record may also prove useful, especially in cases where relationships between food ingestion and symptoms' onset are less clear (Burks & Sampson, 1992) .
Skin prick tests are simple, cheap, and give results within 15 min (Eigenmann & Sampson, 1994) . False negative tests may be seen in young infants (low cutaneous reactivity) and in patients taking steroids or immunosuppressive drugs (Eigenmann & Sampson, 1994) . Skin tests are usually negative in non-IgE-mediated food hypersensitivity (May & Alberto, 1972) .
Speci®c in vitro IgE tests may detect circulating foodspeci®c IgE by immunosorbent tests, but as their diagnostic accuracy is comparable or inferior to skin tests (Sampson & Albergo, 1984) , they should be used only where skin tests cannot be carried out (Eigenmann & Sampson, 1994) . In vitro peripheral blood antigen speci®c lymphocyte proliferation assays have little diagnostic utility due the broad variability in cellular proliferation and the non standardized techniques (Sampson, 1993) . Nor is there any value to the determination of antigen-speci®c IgG, IgA and IgM, since these are often found in the serum of food-tolerant subjects (Dannaeus, 1993) .
Currently, the best diagnostic tool is the standardized double-blind placebo-controlled food challenge (DBPCFC) (Bruijnzel-Koomen et al, 1995) , if the patient, the family and the physician are blinded to the administration of food (Sampson,1988b) . However, it must be remembered that even DBPCFC may be biased by a placebo effect (Jewett et al, 1990) , unstandardized food extracts, and alterations of the allergens during preparation for use in a challenge (Bernishel-Broadbent et al, 1992) .
Why intestinal manometry in food hypersensitivity?
Gut reactions due to food hypersensitivity are not easily documented, apart from their ®nal outcome of vomiting and diarrhea. In the past, endoscopic observation of the gastric mucosal aspect after antigen challenge has been proposed (Pollard & Stuart, 1942; Robertson & Wright, 1987; Romanski, 1987; Swiatowski et al, 1981) . More recently, manometry has become an important tool to study contractile activity of the stomach and small bowel, in both adults and children (Ittman et al, 1992; Wingate, 1995) , allowing observation of the motor behavior of the viscera during fasting and after food ingestion. Studies in experimental animal models have shown that intestinal motility is likely to play an important role in the pathophysiology of gut disturbances due to food hypersensitivity (Diamant et al, 1989) . Antigen activation and degranulation of mast cells, particularly mucosal mast cells, results in the release of a range of potent mediators that delay gastric emptying (Catto-Smith et al, 1994) and cause diarrhea, attributable to alterations in water and electrolyte transport and interruption and replacement of intestinal migrating motor complexes by aborally propagating clusters of contractions (Scott et al, 1988) , a motility pattern associated with rapid intestinal transit (Maric et al, 1989) . Moreover, in vitro studies have shown anaphylaxis-mediated contraction of jejunal longitudinal and circular muscle (Scott et al, 1990; Scott & Maric, 1993) . Almost no information exists for humans.
A pilot study
We investigated small bowel motility in response to offending foods in six patients (four men, two women, aged 23±52 y) with symptoms related to ingestion of speci®c foodstuffs (Table 1) . Four patients had gastrointestinal symptoms, whereas two other had the skin as the target organ. No other allergic manifestions were complained of. The reaction to offending foods was immediate, with symptoms appearing within an hour from the ingestion. Upper panendoscopy during a free diet was unremarkable. Duodenal histology was normal in patients with urticaria and showed mild aspeci®c in¯ammation in the other four subjects; no villous atrophy or eosinophilic in®ltration was detected. Diagnostic procedures, and especially DBPCFC, followed those recommended by the European Academy of Allergology (Bruijnzeel-Koomen et al, 1995) . For DBPCFC, the amount of food that elicited symptoms in the blinded tests was the same as in previously performed open studies. To accept a blind challenge as positive the same symptoms, as were produced with the open challenge, had to be repeated. The onset of time and the strength and duration of symptoms should be similar to the open challenges in at least one of two active challenges to be considered as positive (Bengtsson et al, 1996) . In the open challenges, foods were used in their natural form. In the blind challenge the same foods were used, freeze-dried and pulverized if necessary. Dextrose was utilized as placebo. Foods and placebo were placed in identical opaque gelatin capsules. Prior to the investigation, the patients were on elimination diet, and were deprived of all different foods suspected of causing symptoms, so that symptoms elicited by the challenge could easily be distinguished. Before and after the challenge the patients fasted for 2 h; after each challenges they were under observation for 2 h, and were also requested to complete a 48 h diary recording food and symptoms.
Of the six patients recruited, positive results after DBPCFC were obtained in three out of four patients with gastrointestinal complaints and in one with acute urticaria (Table 1 ). Before manometry, the patients were given a free diet regimen (including the offending food(s)) for a week, during which they carefully recorded their symptoms and the corresponding foods on a diary, and subsequently underwent manometric studies.
Intestinal manometry was done according to a standard technique (Bassotti et al, 1991) , with ®ve proximal recording points (spaced 2 cm apart) spanning the duodenal cap and the distal two recording points (spaced 10 cm apart) in the third duodenal portion and the jejunum. After a six hour fasting recording, a 605 kcal semisolid meal, with the offending foods, namely those deriving from comparative analysis of anamnestic criteria, clinical diary, and results of DBPCFC, mixed blind to the patients, was served. The recording session was therefore continued for 3 h after eating. Six age-and sex-matched healthy volunteers were recruited as a control group and underwent the same manometric testing, each one with a test meal containing the same offending food as the matched patient.
Cutaneous prick tests were negative in two patients with intestinal reactions and in one with acute urticaria. In these subjects speci®c IgE and, more often, IgG4 to the offending foods were present. However, as can be seen in Table 1 , both determinations gave false positive results. Manometry: during fasting, interdigestive migrating motor complex were observed in both groups, and there were no differences in their number between patients (2.2 AE 2 s.d.) and controls (2 AE 1.5, P ns). However, all patients with food related complaints had altered manometric ®ndings ( Table   Table 1 SPT skin prick tests (positive with a mean wheal and¯are diameter above 10 mm). Speci®c IgE were considered positive for values above 17.5 PNU/ml. Speci®c IgG4 were considered positive for values above 20 IU/ml. The foods for which a classical blind placebo-controlled challenge gave positive results are listed in bold. Figure 1 Representative postprandial manometric tracing obtained in a healthy volunteer. Representative postprandial manometric tracing obtained in a patient with food hypersensitivity. The ®rst ®ve recording points span the duodenal cap, the sixth is in the third duodenal portion and the seventh in the jejunum. Note clusters of simultaneous contractions in all channels (arrowheads; the patient reported abdominal pain concomitantly); the last channel also display a giant jejunal contraction (GC).
Small bowel mobility in food hypersensitivity G Bassotti et al 1), such as abnormalities of the activity fronts (observed in three out four patients), and presence of clusters of simultaneous contractions (two patients) and giant jejunal contractions (one patient). After eating, the contractile pattern was normal in controls (Figure 1 ), but displayed features of hypercontractility' with a clustered pattern in all four patients (accentuated in those already present during fasting), and the presence of giant contractions (also present during fasting in one patient) (Figure 1) . Postprandially, all patients reported the same symptoms they complained of at home when in free diet regiment, but in a milder form. The two patients with food-related urticaria had normal manometric ®ndings.
Considerations
We demonstrated small bowel abnormalities in adult patients with gastrointestinal symptoms, but not with acute urticaria, after ingestion of speci®c foodstuffs. Notwithstanding the small size group these abnormalities, differently than in the blind challenge test, were present in all subjects with gastrointestinal symptoms. Some of the abnormalities (clusters of contractions) resembled those described in patients with the irritable bowel syndrome (IBS) who, however, display a normal fed pattern (Kellow & Phillips, 1987) ; the other kinds of abnormalities (highamplitude jejunal waves, simultaneous activity fronts) have never been described in IBS patients. These ®ndings are interesting, since dietary mechanisms have been claimed in the pathogenesis of IBS (Alun Jones et al, 1982; Nanda et al, 1989; Stefanini et al, 1995) , although other studies suggest that food intolerance is not a major factor in this syndrome (Farah et al, 1985; McKee et al, 1987) . Two hypotheses may be formulated: (a) our patients had foodrelated IBS with particularly severe intestinal motor derangement, although they did not ful®ll criteria for IBS but rather those for functional diarrhea, a separate entity (Drossman et al, 1990) ; (b) intestinal dysmotility is a feature of food intolerance, whose expression may be similar to other`irritative' or`allergic' small bowel reactions related to particular foodstuffs in a given subject. We favour this latter hypothesis, since there is recent evidence of discrete motor abnormalities (resembling those described in the present study) in adults (Bassotti et al, 1994) and children (Cucchiara et al, 1995) with active celiac sprue, a well de®ned food allergy disease. Moreover, evidence is increasingly mounting that food-related mucosal reactions may in¯uence small bowel motor activity through several mechanisms, including the release of numerous substances acting on gastrointestinal motility, such as histamine, 5-HT, prostaglandins, etc. (Collins, 1992; Knutson et al, 1993) . The manometric study was carried out only during a free diet period; our results could have been strengthened by a further manometric study while the patients were off offending foods, to demonstrate whether or not gut motility could be normal in such an instance. However, the patients invariably agreed to one manometric study to be done, and we choose to perform it during offending food challenge. On the other hand, the symptoms' remission during the period of elimination diet speaks against important gut dysmotilities being present (Kumar & Wingate, 1985) . Small bowel mobility in food hypersensitivity G Bassotti et al
Concluding remarks
Manometry with food challenge may demonstrate intestinal dysmotilities related to the ingestion of foodstuffs suspected to provoke allergic reactions or intolerance in the gastrointestinal tract, especially in patients complaining of diarrhea. Further studies in larger series of such patients are needed to determine whether the classical diagnostic procedure (positivity of cutaneous prick tests, presence of food-speci®c IgE and/or IgG4, symptom relief after elimination diet and positive blind challenge test), well established for the pediatric and/or monosensitive patients, could be, in selected cases, integrated by the blind-recorded intestinal manometry. The latter, as an`open' feeding test, might be useful in the study of adult subjects often polysensitized (corn, milk and its derivatives, eggs, etc.) and with gastrointestinal manifestations, in whom the classic DBPCFC is controversial or negative notwithstanding a strong clinical suspicion of food allergy. It might be hypothesized that such an approach could reduce the long diagnostic time required for formal elimination diet trials. Therefore, we feel that the concept of IgE-mediated food allergy may be extended to patients in whom the classic diagnostic tools yield uncertain results, but in whom manometry documents food-related intestinal dysmotilities. Finally, as also recently advocated (Chandra et al, 1993) , the importance of a multidisciplinary team approach (internal medicine clinicians, gastroenterologists, immunologists, pediatricians) to patients with suspected food allergy is once again stressed.
